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Abstract
Background Application of vacuum-assisted closure
(VAC™) in soft tissue defects after high-energy pelvic
trauma is described as a retrospective study in a level one
trauma center.
Materials and methods Between 2002 and 2004, 13
patients were treated for severe soft tissue injuries in the
pelvic region. All musculoskeletal injuries were treated
with multiple irrigation and debridement procedures and
broad-spectrum antibiotics. VAC™ was applied as a
temporary coverage for defects and wound conditioning.
Results The injuries included three patients with traumatic
hemipelvectomies. Seven patients had pelvic ring fractures
with five Morel–Lavallee lesions and two open pelviper-
ineal trauma. One patient suffered from an open iliac crest
fracture and a Morel–Lavallee lesion. Two patients
sustained near complete pertrochanteric amputations of the
lower limb. The average injury severity score was 34.1±
1.4. The application of VAC™ started in average 3.8±
0.4 days after trauma and was used for 15.5±1.8 days. The
dressing changes were performed in average every 3 days.
One patient (8%) with a traumatic hemipelvectomy died in
the course of treatment due to septic complications.
Conclusion High-energy trauma causing severe soft tissues
injuries requires multiple operative debridements to prevent
high morbidity and mortality rates. The application of
VAC™ as temporary coverage of large tissue defects in
pelvic regions supports wound conditioning and facilitates
the definitive wound closure.
Keywords Open fractures . Pelvis . Soft tissue defect .
Wound conditioning . Vacuum-assisted closure
Introduction
Pelvic fractures with critical soft tissue conditions are
usually the result of high-energy trauma [1]. Open pelvic
fractures are rare and amount to 2–4% of all pelvic fractures
only [2, 3]. Traumatic hemipelvectomy is an extreme form
of a pelvic ring fracture and is defined as an unstable
ligamentous or osseous hemipelvic injury with rupture of
the pelvic neurovascular bundle [4, 5]. Other severe soft
tissue injuries occur after traumatic paraarticular hip
amputation. The local and systemic contraindications for
replantation occur in 30 to 50% of all traumatic macro-
amputations [6]. Traumatic amputations may be revised to a
more proximal level after initial operative procedure [7, 8].
The high mortality of open pelvic injuries is due to two
complications: In the early phase, the patient is endangered
by exsanguination and in the following course the sepsis
determines the lethal outcome [9]. Significant soft tissue
injuries often occur as a part of high-energy injuries of the
pelvis and in order to minimize complications they must
already be recognized and considered when the treatment
plan is implemented. Because of a high risk of complica-
tions and death, the patients having these injuries have to be
managed aggressively [10]. Essential is exclusion of occult
and readily apparent perforations of the genital, urinary, and
gastrointestinal tracts. Recognition of open and closed
degloving injury patterns and appropriate adherence to
treatment guidelines optimize the outcome and avoid
catastrophic complications [11]. Cultures from closed
internal degloving injury of the pelvic region (Morel–
Lavallee lesion) were positive in 46% of 24 patients with
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these injuries [12]. The Morel–Lavallee lesion should be
debrided early, either before or at the time of fracture
fixation. The wound should be left open, and repeated
surgical debridements of the injured tissue are recommended
[12]. To prevent septic complications, similar surgical
procedures are recommended in the case of complex
perineal injuries as well [13–17]. Fecal diversion and rectal
washout is recommended in the case of rectal injuries of
open pelvic fractures [18–20].
The principles described for trauma on extremities are
also valid for the management of the above-mentioned soft
tissue injuries associated with a high-energy pelvic trauma.
Open fractures require early aggressive debridement of the
soft tissues followed by skeletal stabilization. Temporary
wound dressings should remain in place until definitive
soft-tissue coverage is obtained. Definitive soft-tissue
closure will be expedited by serial debridements performed
every 48 to 72 h in a sterile environment [21].
The use of vacuum-assisted closure (VAC) as a temporary
wound dressing in open fracture situations was described in
the literature [22–24]. During the last 10 years, VAC™
(Kinetic Concepts, Inc., San Antonio, TX, USA) was suc-
cessfully used in the management of problematic wounds.
The VAC™ therapy represents a temporary protection of soft
tissue defects by means of polyurethane foam, which is
sealed airtight by a polyvinyl foil. A negative topical pres-
sure gradient is generated by a VAC™ unit. In the clinical
practice, the VAC™ therapy increases quantitatively and
Table 1 Patients and clinical data
Patient Gender Age ISSa Associated injuries
Head Thorax Abdomen Extremities Spine
1 M 22 41 + +
2 M 23 17 + +
3 M 13 59 + +
4 M 71 22 + + +
5 F 30 34 + + + +
6 M 26 22 +
7 M 33 24 + +
8 F 43 41 + + + +
9 M 30 34 + +
10 M 24 34 + + + +
11 F 47 24 + +
12 M 18 57 + + +
13 M 48 34 + + +
M Male and F female
a Injury severity score [29]
Table 2 Pelvic fractures with associated soft tissue injuries and traumatic amputation
Patient Pelvic fracture Associated soft tissue injuries Traumatic
amputation
Aa Ba Ca Traumatic
hemipelvectomy
Open
fractureb
Genitourinary
tract
Intestinal
tract
Morel–
Lavallee
Penetrating
trauma
1 + + +
2 + + +
3 + + + + +
4 + +
5 +
6 + + +
7 +
8 + +
9 + + +
10 + + + +
11 + + +
12 + + + +
13 + + + +
aAO classification of pelvic fractures [32]
bOpen fracture according the Gustilo and Anderson classification [33]
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qualitatively the granulation tissue formation on the wound
surface [25–27]. Well-documented is a significantly improved
microperfusion, an increased partial oxygen pressure in the
tissue and a reduction of the bacterial colonization (bacterial
clearance) after 4 days [28]. The increased microvessel
density, which develops with time, results in an improved
granulation formation and in the wound healing as well.
We report our experience with the application of VAC™
dressing in severe soft tissue injuries in the pelvic region
caused by a high-energy trauma.
Materials and methods
Patients Thirteen patients with severe soft tissue injuries in
the pelvic region were treated at a level one trauma center
using the commercial VAC™ Dressing System in the period
between March 2002 and October 2004. The patients were
identified by reviewing the hospital trauma registries and
their age, associated injuries, injury severity score (ISS)
[29], and intensive care unit (ICU) and hospital stay are
summarized in Table 1 [29]. The mechanism of injury was
related in ten cases to traffic accidents and in two cases to
fall from great heights. One case was a working accident.
Except one patient (patient 8) who was transferred 6 days
after the accident, the remaining patients were admitted to
our institution at the day of the accident. The patients were
managed according to advanced trauma life support guide-
lines [30] after arrival. The hemodynamically unstable
patients were submitted to a damage control procedure in
the operating room (OR) and transferred afterward to the
ICU [31]. The patients under stable conditions were
evaluated by CT scan before initial surgical procedures
and were then transferred to the ICU. The pelvic ring
fractures, their associated injuries, and the traumatic
amputations are summarized in Table 2 [32, 33]. Table 3
includes the damage control procedures performed.
Technique The VAC™ system consisted of polyurethane
soft sponge cut to fit the wound and placed into the cavity
and of a transparent occlusive gas- and fluid-impermeable
plastic film applied over the foam to create an airtight seal.
A hole of 2 cm in diameter was cut into the film in the
middle of the foam. ATRAC™ pad was embedded over the
hole and attached to an adjustable vacuum pump by means
of a suction tube. A continuous topic negative pressure of
125 mmHg was used.
Results
All 13 patients were severely injured with an average ISS
of 34.1±1.4 (range 17 to 59). In the group of three Ta
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traumatic hemipelvectomies, one hemipelvectomy was
complete (patient 1) and the large wound was left open
after debridement. The other two patients (patients 5 and 7)
suffered a nearly total proximal traumatic amputation in the
trochanteric region and the wounds were left open after
surgical amputation and debridement (Fig. 1). The wounds
were also left open after debridement in two patients
(patients 4 and 13) with penetrating injuries in the iliac
crest. Out of the remaining six patients with pelvic ring
injuries, in only two cases of complex perineal injuries
(patients 9 and 10) were the wounds left initially open
(Fig. 2). In all cases mentioned above the wounds were
initially packed by surgical towels because of posttraumatic
coagulopathy. An exception was patient 10 where VAC™
therapy was initially used. In the course of the first second-
look operations 24 to 48 h after the trauma and a correction
of the posttraumatic coagulopathy, the extended wounds of
seven patients were then treated by VAC™ therapy (Fig. 3
and Table 4). In five patients the wounds were then left
open for 4 to 13 days after the trauma and were then
covered temporarily by VAC™ therapy (Table 4).
Fig. 1 a X-ray of traumatic
amputation in the trochanteric
region on the left side after a
rollover by train (patient 7).
b The wound was left open after
damage control procedure and
then packed. During the first
second-look operation VAC™
dressing was applied
Fig. 2 a X-ray after laparotomy, colostomy, rectal washout, and anterior plating of open pelvic ring fracture type C according AO classification
with b perineal disrupture and lesion of rectal sphincter muscles (patient 9). c Local conditioning of the perineal cavity by VAC™ dressing
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Fig. 3 a X-ray of penetrating
injury to the left iliac wing with
open fracture of the iliac crest
(patient 13). b After damage
control by laparotomy, aortic
clamping and ligation of the left
superior gluteal artery when pa-
tient was in shock. The wound
was packed with surgical tow-
els. c During first second-look
operation and a new debride-
ment, the wound was temporally
closed by VAC™ dressing and
was conditioned until it was
closed by mesh graft
Table 4 The course of therapy
Patient ICU
staya
Therapy
time
period
in totala
VAC start
after
traumaa
VAC
perioda
Number
of VAC
dressings
VAC
dressing
changeda
(range)
Wound free
of bacterial
growth
(day after start
of VAC)
Definite closure Hospital
staya
Primary
suture
Primary suture
with mesh
grafting
Mesh
grafting
Free
flap
1 18 19 10 9 4 2.2 (2–3) 5 1 62
2 1 6 1 5 2 2.5 (2–3) 5 1 21
3 57 69 1 68 21 3.0 (1–7) 18 1 89
4 15 19 13 6 2 3.0 (2–4) 7 1 27
5 7 17 2 15 5 4.0 (2–4) 17 1 43
6 1 23 9 14 5 2.8 (2–3) 8 1 40
7 3 6 2 4 2 2.0 (1–3) 20 1 47
8 16 29 6 23 8 2.9 (2–4) 22 1 44
9 4 12 2 10 3 3.3 (3–4) 7 1 25
10 8 6 0 6 3 2.0 (1–3) 6 1 13
11 6 9 1 8 3 2.7 (1–4) 21 1 24
12 6b 6 2 4 3 1.3 (1–2) X X X X X 6
13 26 33 4 29 10 4.5 (3–7) 21 1 61
aDays
b Patient died (X)
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In two cases (patients 3 and 12), surgical hemipelvec-
tomies were performed after damage control procedures 24
and 48 h later and the wounds were then left open (Fig. 4).
In four patients (patients 2, 6, 8, and 11) with pelvic ring
injuries with Morel–Lavallee lesion, the degloving injuries
were opened in the course of the hospital stay after 4.5±
3.0 days (range 1 to13). The mostly large hematoma was
evacuated and the wound cavities were conditioned by
VAC™ therapy. An intravenous antibiotic therapy was
administered in all patients and adapted to the bacterial
results sampled from the open wounds.
The wounds were left open and conditioned by VAC™
therapy for 15.1±1.8 days and dressing changes were
performed in the OR during the planed second-look
operations in 3.0±1.3 days (range 1 to 7 days) (Table 4).
The exceptionally long treatment in patient 3 with traumatic
hemipelvectomy (68 days) was due to severe systemic
septic complication and a flap failure for covering the soft
tissue defect. Bacterial samples were collected from the
wounds in all patients during the reoperations. According to
the bacterial clearance the wounds were free of bacterial
growth after 13.1±7.2 days (range 5 to 22 days) (Table 4).
Results of leukocyte counts, C-reactive protein (CRP),
creatine kinase (CK), myoglobin, and creatinine levels are
summarized in Fig. 5.
One patient (patient 12) with a traumatic hemipelvec-
tomy died in the course of treatment in the ICU 6 days after
the trauma due to septic complications. The open wounds
of 9 out of the 12 patients who survived were closed by
delayed primary suture. In one patient the wound closure
was managed by delayed primary suture in combination
with mesh grafting. In two patients the defects were
covered in one case by mesh grafting and in the other by
free flap (Table 4).
One patient (patient 5) was transferred to his native
country and was not available for a follow-up. In the
remaining 11 patients the follow-up was possible within
19.8±1.0 months (range 7–38 months). In this group,
complications such as infections or unstable wound scars
were not found in wounds treated by the VAC therapy.
Discussion
In all cases reported in this study an early closure of the large
wounds was not feasible. A reconstructive surgery with the
aim to achieve early coverage of the large soft tissue defects
was impossible due to the severity of the systemic injuries and
to the time-consuming interventions of the plastic surgery. In
view of the expected posttraumatic coagulopathy, it was
helpful to pack the large wounds after staged debridement and
surgical control of bleeding during the damage control
procedures. A question already arose in the course of the first
second-look operation and debridement of these large wounds.
How the soft tissue defect should be temporarily covered
before a definitive closure by a delayed primary suture, mesh
grafting, or free flap is possible is another question.
Fig. 4 a Patient 24 h after damage control procedures by laparotomy,
temporary aortic clamping, and pelvic clamp for traumatic hemi-
pelvectomy (patient 12). b Planed surgical hemipelvectomy and
debridement. c Temporary closure of the large wound by VAC™
dressing
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Besides a variety of skin substitutes such as Epigard™
(Biovision GmbH, Ilmenau, Germany), VAC™ therapy was
introduced initially for treatment of chronic wounds [25,
34]. Its further application in the case of trauma settings
was well documented for injuries of extremities [22–24,
35–37]. On the other hand, the use of VAC™ therapy in
extended wounds after severe injuries in the pelvic region
was not yet reported so far. In our view, the advantage of
this type of a temporary wound coverage, apart from the
reported wound conditioning mechanism [28], consists in a
reduction of the dead space and thus in a better control of
potential infected wounds. Furthermore, we believe that this
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Fig. 5 Estimations in serum. Data during therapy of the soft tissue defects are given as mean±SEM. Days are labeled on the x-axis
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temporary wound closure prevents wound exsiccation and
in-hospital wound infections. The latter is crucial in
combination with pelvic fractures or in cases of traumatic
amputations near the pelvis. The time intervals between
dressing changes and the duration of VAC™ therapy
application, despite the substantial difference in the wound
dimensions, according to our own and other authors’ [23,
24] experience, did not differ substantially from those
currently used for the extremity injuries.
The use of VAC™ therapy was described early for
coverage of dermatofasciotomy after compartment syn-
drome in extremities [38]. The effect of an externally
applied subatmospheric pressure on serum myoglobin
levels after prolonged crush injury was studied in an animal
model [39]. In our study, we found in serum increased
levels of CK and myoglobin in the first 7 days after trauma
(Fig. 5), dependent on the dimension of the soft tissue
injury. On the other hand, no renal failure was observed
during the course of treatment except one patient who died
due to septic complications. Bacterial clearance was
described in an animal model and defined as a significant
reduction of bacterial counts in a wound after 4 days of
VAC™ therapy [28]. Recently, two publications appeared
describing a different behavior of a bacterial load in relation
to VAC™ therapy [40, 41]. According to our own results
the bacterial growth ceased in the VAC™-treated wounds
after 12.6±0.8 days in average (range 5 to 22 days),
supposedly in dependence on the wound dimension, the
immune deficiency after severe injury, and on systematic
inflammatory response syndrome. The above-mentioned
results probably do not reflect the whole reality because
only wound smears were collected and not wound tissue
samples for the bacteriological examinations. Nevertheless,
the data of the bacterial load in our study correlate quite well
with the leukocyte counts and the measured CRP showing
both fast decreasing levels 14 days after the trauma.
Even large traumatic wounds resulting after traumatic
hemipelvectomy or very proximal traumatic amputations
near to the hip are very suitable for the use of VAC™
therapy, as a temporary wound coverage provided that the
bleeding in the wound is fully under surgical control.
Because of a high risk of a tissue necrosis, the wound in
the case of Morel–Lavallee lesion should remain open after
evacuation of hematoma [12] and a repeated debridement is
also recommended. In no one Morel–Lavallee case, even
after repeated debridements, could we observe any tissue
necrosis during application of VAC™ therapy and could
close the injuries secondary. The debrided wound cavities of
perineal injuries occurring during disruption of the pelvic
ring were also managed by VAC™ therapy and because
colostomies and rectal washout were performed each time
without exception, a good wound conditioning was the result
[42].
Conclusion
In conclusion, to prevent high morbidity and mortality rates,
a high-energy trauma causing severe soft tissues injuries
requires multiple operative debridements and consequently
an appropriate temporary dressing. In view of our results, the
management of the large tissue defects in pelvic regions by
means of VAC™ as a temporary coverage positively
supports wound conditioning, reduces infectious complica-
tions, and facilitates a definitive wound closure.
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